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Abstract 
Crane hook is very significant component used for lifting the load with the help of chain or 
metal ropes or hoists. Crane hooks failure is always occurred due to bending stresses acted 
upon it. To minimize the failure of crane hook, the stress induced portion in it must be analyzed. 
In this work, the different proportions of AISI 4340 alloy steel with Vanadium samples were 
prepared and its mechanical properties were carried out. As compared with other proportions 
of vanadium, 99.95% of AISI 4340 Alloy steel along with 0.05% of Vanadium was preferred 
since the better mechanical properties. SEM analysis reveals that .05% of vanadium plays vital 
role in the AISI 4340 alloy steels and creates the fine form of grains structure which leads to 
better mechanical properties. This project concludes that, usage of 99.95% of AISI 4340 Alloy 
steel along with 0.05% of vanadiumin the crane hook; it canachieve reliability and 
sustainability with high strength. It could be used where heavy load shipment is needed. 
Wrought iron and AISI 4140 also studied for the comparison with AISI 4340 in different 
proportions of vanadium. 
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INTRODUCTION 
A crane could be a machine, equipped with 
a hoist, wire ropes or chains and sheaves 
wont to carry and move serious material. 
Crane hooks are the vital load lifting 
component whichis generally used to raise 
the heavy load in construction and 
engineering sectors.Few studies only have 
been recorded related to the probable 
causes of crane hook which led to a failure 
in service. The brittle fracture was 
originated from a crack in the material, 
generated during the welding performed on 
the lifting hook. Brittle fracture of a crane 
hook, Y. Torres et al. (2010) [1].The stress 
pattern in the hook in a loaded condition 
analysis was carried out in two steps firstly 
by FEM stress analysis of approximate 
model and results were validated against 
photo elastic experiment. Assumptive hook 
as a sinusoidal beam and its verification 
victimization FEM of tangible hook. Based 
on the strain concentration space, the shape 
modifications were introduced in order to 
increase strength of the hook. Stress 
analysis of crane hook and validation by 
photo-elasticity, Rashmi Uddanwadiker 
[2]. For reducing the failures of hooks the 
estimation of stresses, their magnitudes and 
possible locations are very important. From 
the stress analysis, they have observed the 
cross section of max stress area. If the 
induced area on the inner side of the crane 
hook at the portion of maximum stress is 
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broadened then the bending stresses will 
get minimized [3]. The stress concentration 
factors were used to evaluate the strength 
and durability of structures and engineering 
machine elements. The lifting hooks design 
rules require using ductile materials to 
avoid brittle failure; in this regard, crane 
hooks were investigated the strain-based 
criteria for failure [4]. Finite Element 
Management(FEM) concept is used in the 
locking system of the crane hook with 
uniformly distributed stress factor [5]. The 
crane hooks calculated load conditions and 
the critical load condition was estimated as 
a statistical distribution based on the 
Bayesian approach[6]. They considered the 
cases of loaded and unloaded trolley and 
based on that, the equations of dynamic 
loads and angular frequency, as essential 
elements of the dynamic stability of the 
system, were obtained.Dynamic analysis of 
the crane with loading-unloading trolley on 
the slewing Platform [7]. The aim of this 
project mainly focuses on to extend the 
lifespan of a crane hook by means of 
developing crane hook with new material 
which acts as a suitable replacement to the 
existing material. 
 
EXPERIMENTAL PROCEDURE 
Material Selection 
It is a medium carbon, low alloy steel 
known for its toughness and strength. AISI 
4340 steel alloy is used primarily for 
structural applications such as aircraft 
landing gears. They comprise different 
kinds of steels having composition 
exceeding the limitations of B, C, Mn, Mo, 
Ni, Si, and Cr set for carbon steels. AISI 
4340 alloy steel is a heat treatable and low 
alloy steel containing chromium, nickel and 
molybdenum. It has high toughness and 
strength in the heat-treated 
condition.Vanadium chemical symbol 
Vwith atomic number 23. Vanadium is a 
silvery grey, ductile, and malleable 
transition metal, which is rarely used in 
engineering application.
 
Formation Table 
Table 1: Formation table of AISI 4340 alloy steel with different combinations of 
vanadium. 
Alloy Elements AISI 4340 Alloy Steel Sample A Sample B Sample C 
Vanadium - 0.05 0.1 0.15 
Nickel 1.8 1.7491 1.7482 1.7473 
Chromium 0.8 0.7996 0.7992 0.7988 
Manganese 0.25 0.69965 0.6993 0.69895 
Carbon 0.4 0.3998 0.3996 0.3994 
Molybdenum 0.25 0.2498 0.2497 0.2496 
Silicon 0.2 0.1999 0.1998 0.1997 
Sulphur 0.04 0.0399 0.0399 0.03994 
Phosphorous 0.035 0.03498 0.0349 0.03494 
Iron 96.225 95.772 95.729 95.6816 
 
Fabrication Process 
Forging Process: Basic Steps 
Industrial Process Description: The alloy 
steel forging process has been divided into 
the following five major operations: 
 
Obtaining the Impression Geometry 
The study of the geometry of parts and 
plans, so as to improve the life and quality 
of the forging is called as obtaining the 
forging geometry. 
 
Impression Die Making 
In die making, a physical model of final 
product, in other words, a previously made 
crane hook is used to make the die. The 
design of the die is drawn in software and a 
3D model is generated using an integrated 
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CNC machine on a metal block. The die is 
made in two halves the core half and the 
cavity half. The core is set into the 
punching hammer and the cavity is set in 
the base jig of a hammer punch. Therefore, 
when the two halves are withdrawn, it 
imprints or beats to form the shape of the 
crane hook on to the hot alloy steel. 
 
Alloy Steel Heating 
Heating is a process of preparing the 
material for punching. It is generally done 
in a specifically designated part of foundry. 
A gas forge using propane as fuel is 
employed to heat the material. The 
chamber of the forge is lined with 
refractory materials such as refractory 
ceramic, firebrick and fibre glass. The 
burner mixes propane and air which are 
ignited at the tip, which protrudes a short 
way into the chamber lining. The pressure 
inside the forge is develops due to the 
venturi effect created by the shape of the 
chamber. The steel is heated up to 1200°C 
or until it turns red hot or soft for punching. 
The soheated steel is transported to the 
punching area wherein the cavity half of the 
die is filled with the red-hot sample. 
 
Punching 
The red-hot thick steel rod is placed above 
the cavity die after bending or curving it a 
little bit in the middle in order to get the 
curve of the crane hook. The punching 
operation is started and the rod is turned 
now and then, using a set of tongs, is 
shaped into a crane hook. After 5-6 
punches from a 1.15 tonne punching 
hammer, the red hot thick steel rod finally 
gets into a shape of a crane hook. It is 
removed later and allowed to cool.  
 
Cleaning  
Cleaning is a process that refers to the 
different activities performed for the 
removal of dust or impurities (water wash), 
scale (acid bath), and excess metal 
(machining mostly grinding) from the 
forged crane hook. However, all the 
operations may not apply to each forging 
method but such processes play an 
important role to comply with 
environmental guidelines. 
 
RESULTS AND DISCUSSION 
From the above graph, wrought iron 
elongates 18.84% of its original length and 
AISI 4140 alloy steel elongates 31.36% of 
its original length. AISI 4340 alloy steel 
elongates 17.04% of its original length 
which is lesser than the above two 
materials. So, from the graph it is clear that 
the percentage elongation of AISI 4340 
alloy steel is better than the rest.
 
 
Figure 1:Percentage of elongation in different composition of alloy materials. 
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Figure 2:Percentage of reduction in different composition of alloy materials. 
 
From the above graph, wrought iron 
produces 47.19% area reduction and AISI 
4140 alloy steel produces 67.62% of area 
reduction. AISI 4340 alloy steel produces 
53.76% of area reduction which is 
affordable. Hence choosing AISI 4340 alloy 
steel can be used as a base metal.
 
 
Figure 3: Ultimate tensile stress in different composition of alloy materials. 
 
From the above graph, it is clearly 
understandable that wrought iron has the 
least ultimate tensile strength among the 
chosen materials, whereas our sample 1 
(AISI 4340 = 99.95% V= 0.05%) has the 
most load withstanding ability. We can also 
see that the proposed base material AISI 
4340 Alloy Steel also has relatively same 
Ultimate tensile strength, but then from the 
previous graph we see that it also has the 
least elongation percentage. This proves the 
fact AISI 4340 is brittle in nature and will 
form cracks upon loading. We can also 
notice that there is a gradual decrease in 
Ultimate tensile strength upon excess 
addition of vanadium. This is due to the 
decrease in percentage of other alloying 
elements that are being substituted by 
vanadium.From the Fig. 4, it is clear that the 
wrought iron has less yield strength while 
sample 1 (AISI 4340 = 99.95% V= 0.05%) 
has the highest yield strength. The base 
material and its samples clearly exceeds the 
existing materials by more than 150MPa in 
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yield strength values. So, using the sample 1 
to manufacture crane hook is a good idea 
because of its high strength compared with 
other materials. 
 
 
Figure 4: Yield strength in different composition of alloy materials. 
 
MICROSTRUCTURE ANALYSIS 
SEM images of 3000X for AISI 4140, AISI 
4340, Wrought Iron, and the samples 
Wrought iron lacks carbon content 
necessary for hardening and it contains slag 
fibres which reduces its strength. AISI 4140 
has austenitic microstructure with very less 
impurities and austenitic stabilizers. AISI 
4340 alloy steel has martensitic 
microstructure and carbide precipitations 
which gives high strength. Due to the 
presence of vanadium (0.05%) in the 
samples, the samples exhibit better strength 
than the existing materials or base material.
 
            
Figure 5: T1 AISI 4140 steel.  Figure 6: T3 wrought iron.    Figure 7: T2 AISI 4340 alloy steel. 
 
            
Figure 8: T4 AISI 4340 & 0.05% V.Figure 9: T5 AISI 4340 & 0.1% V.  Figure 10: T6 AISI 4340 & 0.15% V. 
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CONCLUSION 
This researchwork focused on crane hook 
using AISI 4340 Alloy steel along with 
different proportions of Vanadium. The 
results indicated that, failure can be 
minimized by improving crane hook 
material for more efficient lifting & loading 
with proof of good mechanical properties 
and extended lifespan. As compared with 
other proportions of vanadium, 99.95% of 
AISI 4340 Alloy steel along with 0.05% of 
Vanadium was preferred since the better 
mechanical properties. SEM analysis 
reveals that .05% of vanadium plays vital 
role in the AISI 4340 alloy steels and 
creates the fine form of grains structure 
which leads to better mechanical 
properties. This project concludes that, 
usage of 99.95% of AISI 4340 Alloy steel 
along with 0.05% of Vanadium in the crane 
hook; it can achieve reliability and 
sustainability with high strength. It could 
be used where heavy load shipment is 
needed. 
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